Abstract. Spatially resolving the orbits of double-lined spectroscopic binaries provides a way to measure the dynamical masses of the component stars. At the distances to the nearest star forming regions, high angular resolution techniques are required to resolve these short period systems. In this paper, I provide an overview of the few lowmass pre-main-sequence spectroscopic binaries that have been resolved thus far using long-baseline optical/infrared interferometers. I also compiled a list of known spectroscopic binaries in nearby star forming regions (Taurus, Orion, Ophiuchus, ScorpiusCentaurus, etc.) and show that with modest improvements in the sensitivity of interferometers with 200-300 meter baselines, we can build a significant set of pre-main sequence stars with precise mass determinations. This is important for validating and distinguishing among the theoretical calculations of evolution for young stars.
Introduction
Determining precise masses and ages of pre-main-sequence (PMS) stars is important for understanding how stars form and evolve over time. Different theoretical models of stellar evolution predict a large range of stellar masses for a given effective temperature, luminosity, and metallicity at young ages. This is particularly the case for low-mass PMS stars (M < 1 M ⊙ ; e.g. Simon 2001; Hillenbrand & White 2004; Mathieu et al. 2007) . Discrepancies between the models arise from differences in the treatment of interior convection, atmospheric opacities, and initial conditions (e.g. Allard et al. 1997; Chabrier & Baraffe 2000; Baraffe et al. 2003) . Figure 1 illustrates the discrepancies among different evolutionary models. Measuring precise masses of young stars is required for testing the different sets of evolutionary tracks.
Stellar masses can be measured through the following dynamical techniques: (1) observations of eclipsing double-lined spectroscopic binaries where the masses and radii of the component stars are determined from the radial velocity variations and timing of the eclipse light curve (Torres summarized results from eclipsing binaries at this conference), (2) spatially resolving the visual orbit of a double-lined spectroscopic binary to determine the component stellar masses and distance to the system, (3) measuring the astrometric motion of component stars around their center of mass (e.g. the triple system Elias 12; Schaefer et al. 2010) , (4) mapping the Keplerian rotation of circumstellar disks to determine the mass of the central star (Guilloteau & Dutrey 1998; Simon et al. 2000) . The last two techniques require an accurate parallax to scale the masses to the proper distance. Figure 2 shows a histogram of the current sample of dynamical masses of PMS stars measured using these techniques. Baraffe et al. (1998, BCAH) , Palla & Stahler (1999, PS) , Siess et al. (2000, SDF) , and Yi et al. (2003, Y 2 ). The tracks are for masses of 0.2, 0.6, and 1.0 M ⊙ and correspond to ages from 1 Myr to 100 Myr. We indicate spectral types based on the effective temperature relations used in Kenyon & Hartmann (1995) for G8-M0 and the T-Tauri temperature scale defined in Luhman et al. (2003) for M1-M7. The asterisk shows the location of an M0 star with 0.5 L ⊙ .
In this paper I focus on spatially resolving double-lined spectroscopic binaries to determine the masses of PMS stars. In addition to masses, a comparison of the physical size of the projected semi-major axis from the spectroscopic orbit (a sin i in AU) with the angular scale (a in mas) and inclination i from the visual orbit provide an orbital parallax for the system. Accurate distances are necessary for determining the absolute magnitudes and luminosities for plotting the stars on the HR diagram to compare with evolutionary tracks. Additionally, distances for independent systems will aid in mapping the three-dimensional structure of nearby star-forming regions (Loinard et al. 2008; Torres et al. 2009 ). The distribution of masses, mass ratios, and orbital parameters of PMS binaries across a variety of star forming regions will help test theories of binary star formation (Ballesteros-Paredes et al. 2007; Bonnell et al. 2007 ).
Interferometric Observations of Young Binary Stars
Double-lined spectroscopic binaries tend to sample short-period systems (P < 10 years, corresponding to velocity amplitudes < 5−10 km/s). For a circular binary with equal mass components and a total mass of 1 M ⊙ , a period of 10 years corresponds to a Figure 2 . Histogram of dynamical mass measurements of low-mass stars in nearby star forming regions (Taurus, Orion, Ophiuchus, Scorpius-Centaurus, TW Hydra) with internal precision measured to better than ∼ 10%. The shaded bins indicate the method of mass measurement: eclipsing spectroscopic binaries (black), spatially resolved spectroscopic binaries (dark grey), and Keplerian rotation of circumstellar disks and astrometric center of mass motion in visual binaries (light grey). Note that the masses in the last category are dependent on the distance to the star. References for eclipsing SB: Popper (1987) , Alencar et al. (2003) , Covino et al. (2004) , Stassun et al. (2004) , Irwin et al. (2007) , Cargile et al. (2008) , Stempels et al. (2008) . semi-major axis of 4.6 AU or ∼ 33 mas for an edge-on system scaled to the distance of the Taurus star forming region (d ∼ 140 pc). The diffraction limit (1.22λ/D) of a 10-meter telescope in the H-band is ∼ 40 mas. Therefore, binaries that can be spatially resolved through adaptive optics imaging, speckle interferometry, or aperture masking using large aperture telescopes in the infrared or with the Hubble Space Telescope in the optical have periods measured on the order of decades or longer (e.g. Schaefer et al. 2006) . Clearly, long-baseline optical/infrared interferometry is required to spatially resolve the short period spectroscopic binaries in nearby star-forming regions.
The PMS double-lined spectroscopic binary NTT 045251+3016 was spatially resolved using the Fine Guidance Sensors on the Hubble Space Telescope by Steffen et al. (2001) . At smaller separations, long-baseline interferometry becomes a critical tool for resolving young binary systems. Interferometers measure the fringe contrast or visibil- ity of the source. For a binary star, the visibility is a periodic function given by:
where (∆α, ∆β) represent the separation of the binary in right ascension and declination, (u, v) are the spatial frequencies of the interferometer baseline projected on the sky, f is the binary flux ratio, and V 1 and V 2 are the uniform disk visibilities of the component stars (e.g. Boden 1999) . The spacing between the peaks in the visibility curve gives the separation of the binary projected along the interferometer baseline while the minimum indicates the flux ratio (see Figure 3) . Additionally, for interferometers that combine the light from three or more telescopes, closure phases can also be used to determine the binary separation and flux ratio (Monnier 2007) . The Keck Interferometer was used to spatially resolve the orbits of three PMS double-lined spectroscopic binaries: HD 98800 B (Boden et al. 2005) , V773 Tau A (Boden et al. 2007) , and Haro 1-14c (Schaefer et al. 2008 ). Centaurus, Lupus, TW Hydra, NGC 2264). Additional binary candidates, including some with longer periods (P > 100 days), are identified in Melo (2003) , Guenther et al. (2007) , Prato (2007) , and Tobin et al. (2009) . In Figure 4 , I use the sample of binaries in Table 1 to plot the projected semi-major axis in angular units versus the K-band magnitude. This plot shows a lack of known PMS spectroscopic binaries at long periods (large separations) and faint magnitudes (K > 10 mag). As the sensitivity of longbaseline interferometers improve, it will be useful to fill in this region of parameter space. In addition to spectroscopic surveys, Gordon et al. discussed at this conference the feasibility of an interferometric survey to search for PMS binary stars. The horizontal lines in Figure 4 show the angular resolution of 100-300 meter interferometric baselines operating at the K, H, or R-bands. Typical limiting magnitudes for the CHARA array (30-330 meter baselines) are V ∼ 10 mag for tip/tilt guiding and K ∼ 7 mag for fringe tracking. This is right at the edge of the distribution of PMS binaries; a few of the fainter targets might be accessible in favorable seeing conditions. With upgrades to improve the tip/tilt system and plans to add full adaptive optics to the CHARA telescopes, expected limits of V ∼ 16 mag and K ∼ 10 mag could bring a large portion of the known population within reach of CHARA. Likewise, the current sensitivity for the Very Large Telescope Interferometer (8-200 meter baselines) is V ∼ 13.5 mag and H ∼ 7 mag. The Magdalena Ridge Observatory Interferometer that is under construction (8-340 meter baselines) is expected to achieve a limiting magnitude of H ∼ 14 mag. With combined efforts to push spectroscopic surveys for longer period binaries fainter and with the expected improvements in sensitivity of long-baseline optical/IR interferometers, we can continue assembling a large sample of low-mass PMS stars with precision masses to calibrate the evolutionary tracks. Covino, E., Melo, C., Alcalá, J. M., Torres, G., Fernández, M., Frasca, A., & Paladino, R. 2001 , A&A, 375, 130 D'Antona, F., & Mazzitelli, I. 1997 Guenther, E. W., Esposito, M., Mundt, R., Covino, E., Alcalá, J. M., Cusano, F., & Stecklum, B. 2007 , A&A, 467, 1147 Guilloteau, S., & Dutrey, A. 1998 Hebb, L., Stempels, H. C., Aigrain, S., Collier-Cameron, A., Hodgkin, S. T., Irwin, J. M., 
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